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摘要 
    红树科木榄属（Bruguiera）植物在中国主要有三个种，分别是木榄（B. 














(3) 基因组 DNA ISSR 分子标记：从 81 条 ISSR 引物中筛选出 18 条能获得清晰多态
性条带和反应稳定的引物。共扩增出 142 个条带，其中多态性条带有 109 条，多
态百分率为 76.2%。利用 Nei 指数计算木榄－海莲，海莲－尖瓣海莲和木榄－尖
瓣海莲的遗传相似性（GS）分别为 0.43、0.55 和 0.50。根据 UPGMA 统计方法海
莲和尖瓣海莲松散聚为一组，木榄单独一组。 
(4) DNA 序列比对： 对木榄、海莲和尖瓣海莲的 18S 核糖体 RNA 基因（18S rRNA），
线粒体 RNA 成熟酶 R（matR）和叶绿体 RNA 成熟酶 K（matK）基因以及核基因
组内转录间隔区（nrDNA ITS）部分片段（包括 ITS2 全片段序列，5.8S RNA 和
26S RNA 部分基因片段）克隆并测序。结果表明三种红树植物的 matK 基因所测
片段序列完全一致；18S rRNA 所测片段序列有 10 个多态性位点，多态百分率
0.58%；matR 所测片段序列有 9 个多态性位点，多态百分率 0.54%，9 个碱基变
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海莲的 nrDNA ITS2 区序列完全一致，而同尖瓣海莲有 23 个碱基的差异，占全序
列的 5.9%。比对结果采用邻接法（NJ）作图。 
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Abstract 
Bruguiera genus plants, including B. gymnorrhiza, B. sexangula and B. sexangula var. 
rhynchopetala, are the major mangrove species in China. The morphological traits of three 
mangrove species are similar and some of traits of B. sexangula var. rhynchopetal are quite 
similar to B. sexangula while others to B. gymnorrhiza. Some researchers suggested that B. 
sexangula var. rhynchopetala is a variation of B. sexangula while others suggested that it was 
a hybrid species of B. gymnorrhiza and B. sexangula. Here flower morphologic traits, manual 
pollination, ISSR molecular marker and comparison of DNA sequence were investigated to 
study the degree of genetic variation, the relationship of the three species and taxonomic 
position of B. sexangula var. rhynchopetala. All the work was summarized as follow: 
(1) Comparison of floral morphologic traits: The stigma was almost equal to the 
petal in B. sexangula var. rhynchopetala, but higher in B. sexangula and lower in 
B. gymnorrhiza before blossoming. The relative length of stigma to the petal is 
1.007±0.015, 1.056±0.021 and 0.847±0.023 respectively. Two tails t-test 
indicated that the data were extremely notable difference.  
(2) Interspecific compatibility: Pollen viability was greater than 90% in the three 
species by acetocarmine stain. Few of pollen tubes could be observed in 
pistillary cord and reached to the ovary when B. sexangula, B. gymnorrhiza and 
B. sexangula var. rhynchopetala crossed with each other which suggested that 
the three mangrove species were interspecific incompatibility.  
(3) ISSR analysis of Genomic DNA: eighteen ISSR primers which could produce 
clear loci were screened from eighty one primers. Total 142 loci were amplified 
and 109/142(76.2%) of ISSRs were polymorphic. Nei’s genetic similarity (GS) 
between B. gymnorrhiza and B. sexangula was 0.43, that of B. gymnorrhiza and 
B. sexangula var. rhynchopetala was 0.50 and that of B. sexangula and B. 
sexangula var. rhynchopetala was 0.55. Dendrogram based UPGMA showed 
clustering of B. sexangula and B. sexangula var. rhynchopetala into a loose 














 - 4 - 
(4) Comparison of DNA sequence: the partial sequences of 18S rRNA, matR, matK 
and nrDNA ITS (complete sequence of ITS2, patial sequences of 5.8S RNA and 
26S RNA) of three mangrove species were cloned，sequenced and compared. The 
sequences of matK of three species were completely identical. The number of 
polymorphic sites in 18S rRNA and matR was 10 (0.58%) and 9 (0.54%) 
respectively. As to matR gene, the difference of 9 bases leaded to the variance of 
8 amino acid residues, polymorphic rate was 1.43% to total 559 amino acid 
residues. The ITS sequences of B. gymnorrhiza and B. sexangula were 
completely identical while the sequence of B. sexangula var. rhynchopetala had 
23 different sites (5.9% in total sequence) comparing with B. gymnorrhiza and B. 
sexangula. The sequence data were analyzed by clustalx1.81. To draw 
phylogenetic tree based on neighbour-joining method (NJ). 
The evidence of morphology, propagation biology and molecular biology indicated the 
GS of three mongroves species reached to interspecific degree and three mongroves species 
were interspecific incompatibility. So we suggested that it may be better to class B. 
sexangula var. rhynchopetala as an independent species in Bruguiera genus.  
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泛应用于红树植物居群间的遗传结构分析[23,24]，遗传多样性分析如白骨壤（Avicennia 
marina）[25,26,27]，木榄[28]，红海榄(Rhizophora stylosa)[27]，秋茄(Kandelia candel)[29]，榄




除等位酶外，RAPD，AFLP，RFLP，ISSR，SSRs 等 DNA 分子标记以及 DNA 序
列比对也被广泛应用于红树植物遗传信息的研究。周涵韬，林鹏采用 RAPD 分子标记
技术分析了红树（Rhizophora apiculata）、红海榄、秋茄、角果木（Ceriops tagal）、木
榄、海莲、尖瓣海莲等 7 种红树科植物的遗传多样性和亲缘关系[33]。Mukherjee AK 等
用 RAPD 和 AFLP 分析红树科 9 种真红树和两种假红树的遗传关系，证明了研究对象
在分子水平上的分类关系和传统形态学分类除了相比除了木榄属内分类和红海榄在红
树科的分类地位外两种分类结果在属种间是一致的[34]。Lakshmi M 采用 RAPD 和 RFLP
分析了印度东西海岸 7 个种群的海漆（Excoecaria agallocha）种内遗传分化，显示了海
漆种群内具有较高的遗传分化水平[35]。Maguire TL 用 AFLPs 和 SSRs 分析了澳大利亚
白骨壤种群的遗传分化水平，结果表明 SSRs 相对于 AFLPs 能检测到更多的群体间(19% 
vs 9%)和亚种间(35% vs 11%)遗传分化[36]。 
 
1.5 ISSR 分子标记和 DNA 序列分析在植物遗传多样性和系统发育中的应
用 
ISSR ( Inter simple sequence repeat ) 是 Zietkiewicz 等于 1994 年最早采用的一种新
型分子标记技术其基本原理是利用包含简单重复序列并在 3’或 5’锚定的寡聚核苷酸引
物，对微卫星之间的 DNA 序列进行 PCR 扩增[21]。ISSR 标记技术具有操作简单，快捷，
重复性好，多态性水平高等特点，而且不要求预知基因序列信息，大大减少了多态性分


























编码基因rbcL[56-67]、matK [68]、ndhF[69-75]和atpB[75,76] 及非编码区序列 rpL16[78,79]、
rps16[80,81,82]、rpoC1[83]、atpB-rbcL[84-90]、trnC-rpoB[91]、psbA-trnH[92]、 accD-rbcL[93]、
trnL-F[94-97]和trnT-L[79,98]；线粒体基因组（mtDNA）的19S rDNA [99]、cox3 [100,101,102]、nad5 


































    nrDNA ITS：高等植物核核糖体DNA（nrDNA）内转录间隔区 (internal transcribed 
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